INTRODUCTION
Noise can be defined as an unwanted or undesired sound. Community noise (also called environmental noise) is any unwanted or harmful outdoor sound created by human activities that is detrimental to the quality of life of individuals. Noise, a by-product of urbanization and industrialization, is increasingly recognized as an environmental nuisance that affects human health and well being 1, 2 . City noise levels can be investigated in three different ways as traffic and transportation; industrial activities; Sport, marketing and entertainment facilities 3 . In comparison to other pollutants, the control of environmental noise has been hampered by insufficient knowledge of its effects on human and lack of defined criteria. Noise pollution is a significant environmental problem in many rapidly urbanizing areas. This problem is inadequately recognized despite the fact that it is steadily growing in developing countries. It is well established now that noise is a potential hazard to health, communication and enjoyment of social life. It is becoming an unjustifiable interference imposition upon human comfort, health and quality of life 4 . Noise as a physical pollutant is not easily recognized. This is because the sensitivity of human ear gets automatically adjusted to the ambient level of sound so slow increases in the ambient level go unnoticed. Therefore, noise continues to do the damage unrecognized. Pollution, in general, is a by-product of some essential function or activity. Therefore it is almost impossible to completely eliminate the pollutant, but it can be controlled or reduced. Most of the pollutants can be tolerated only up to a certain level, the level being dependent on the type of the pollutant. When the level of pollution continues to increase, it becomes necessary to know the amount by which the permissible limit has been exceeded so that their increase can be checked by the introduction of suitable regulations. To know the level of pollution the pollutant has to be measured. In the case of noise pollution, measurement is all the more essential because of the incapability of our auditory system to recognized slow changes 5 . In Nigeria, the problem of noise pollution is wide spread. Several studies report that noise level in metropolitan cities exceeds specified standard limits. A study by Ugwuanyi et al. 6 conducted in Makurdi, Nigeria found that the noise pollution level in the city was about 3 dB to 10 dB above the recommended upper limit of 82 dBA. Onuu and Menkiti 7 also found that the peak noise level ranges between 86-106 dBA in Aba and Uyo, Nigeria. This noise level is higher than the recommended level of 60 dBA for commercial and residential areas. Ighoroje et al. 8 investigated the level of noise pollution in selected industrial locations in Benin City, Nigeria. The average ambient noise level in Sawmills, Electroacoustic market and food processing industrial areas was determined to be above 90 dBA. This noise level is well above the healthy noise level of 60 dBA. Anomoharan and Osemeikhian
9
. carried out day and night noise pollution study in some major towns in Delta state, Nigeria. The result obtained shows that the average day time noise level for Warri exceeded the WHO permissible limit of 90 dB, while other locations have average noise level within the range of 75-85 dB. Noise pollution is one aspect of environmental pollution that is taken rather lightly in Nigeria. He asserted that greater part of the sources of noise in the society is of a social origin. However, noise as a polluting agent in the environment, has been recognized in recent years as a serious threat to the quality of life enjoyed by people in most industrialized nations 10 . Depending on the duration, volume of noise and distance from noise source, the effects on human health and comfort are divided into four groups: physical effects, such as hearing and ear burning; physiological effects, such as increased blood pressure, irregularity of heart rhythms and ulcers; psychological effects, such as disorders, irritability, annoyance and stress; and finally performance effects, such as reduction of productivity and speech intelligibility [11] [12] [13] . It is sad to know from the investigations by Saadu et al. 12 , Onuu and Menkiti
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, Ugwuanyi et al. 6 , unpublished works of Saadu 14 indicate that Nigerians are noisy people. In Nigeria, there is no legal frame work upon which noise pollution can be abated. Federal Environmental Protection Agency (FEPA) in Nigeria only provided daily noise exposure limits for workers in industry (i.e., 90 dBA for 8 h exposure). In short, the Nigerian Government and her citizenry appear not to be conscious of the present and future impacts of noise induced health hazards in their environment. Unless and until measures are taken to control the level of noise, the ongoing urbanization and industrialization may complicate the problem so much that it becomes incurable.
Ilorin is one of the biggest cities in the Middle belt zone of Nigeria. The most important factors raising the noise level in the city in the last two decades are the increased number of cars, the increased population and industrialization. The population has increased from 423,340 in 1980 to 902,131 in 2006 15 . The city has been subjected to persistent in road traffic and commercial activities due to overall increase in prosperity, fast development and expansion of economy.
Compared to previous studies on noise level in Ilorin metropolis carried out by the same authors, in which investigations were based on equivalent noise level ͑L Aeq ͒ and noise pollution levels ͑L NP ͒ 16, 17 . This paper takes a closer look into the background noise level ͑L 90 ͒, peak noise level ͑L 1 ͒ and dominant noise sources in some selected locations (commercial areas, busy roads/road junctions, passengers loading parks, residential and industrial areas) in Ilorin metropolis. These data are very useful to be used as reference and guideline for future regulations on noise limit to be implemented in urban areas in Nigeria.
MATERIALS AND METHODS

Study Area
This research is based on the results of outdoor sound level measurements carried out in July 2005 at 42 different locations (12 commercial areas, 12 busy roads/road junctions, 6 passengers loading parks, 6 high density residential and 6 low density residential areas) in Ilorin metropolis, the capital city of Kwara state. Table 1 shows the locations selected for the noise level measurements in Ilorin metropolis. Figures 1 and  2 show an overview of Ilorin metropolis showing the locations of noise measurements for this study and the population growth of the metropolis respectfully.
Experimental Procedure
Instrumentation for the field measurements consisted of precision grade sound level meter (according to IEC 651, ANSI S1.4 type), The measurements were made at street level (at road junctions, market centers, passengers loading parks and residential areas). The instrument was held comfortably in hand with the microphone pointed at the suspected noise source at a distance not less than 1 m away from any reflecting object. L Ai (A-weighted instantaneous Sound pressure level) measurements were recorded at intervals of 30 seconds for a period of 30 minutes, giving 60 meter readings per sampling location. This procedure was carried out in the daytime period which runs from 7:00 a.m to 10:00 p.m. From these readings, commonly used community noise assessment quantities like the A-weighted equivalent sound pressure level, L Aeq and the daytime average sound level, L D were computed. These noise measures are defined as follows 12 :
Where L Ai is the ith A-weighted sound pressure level reading dB, N is the total number of readings, L Aeq is the A-weighted equivalent sound pressure level, L AeqM is the equivalent sound pressure for the morning measurement, L AeqA is the equivalent sound pressure level for the afternoon measurement, and L D is day time noise level.
RESULTS AND DISCUSSION
Assessment of Noise Descriptors
Noise measurements were done when the effects on the noise sources of variable factors were at minimum. All the data were obtained on weekdays and under suitable meteorological conditions, i.e., no rain. Measurements were recorded at interval of 30 seconds for a period of 30 minutes, giving 60 meter readings per location. The data were used to evaluate noise descriptors in the form of L Aeq , L 1 , L 10 , L 50 , L 90 , and L D .
The average noise descriptors were determined per location. Table 2 shows the daily average values of noise descriptors for all the sites surveyed. The sites are designated with numbers 1 to 42.
From Table 2 , location 10 has the highest values of 
Locations 20 and 25 are commercial centre and passengers loading park respectively. The background noise levels ͑L 90 ͒ at these locations are higher than locations 10 and 15. This is due to intrusive noise sources from human conversation due to commercial activities, radio player, electric generator noise etc. The lowest noise descriptor values were recorded at location 34 and 6 with
dBA͒ respectively. These locations are low density residential areas. Among the factors responsible for differences in noise levels in the centers surveyed include location site, presence of intrusive noise, traffic volume, commercial activities etc. Figure 3 shows comparison of noise descriptors for the whole locations surveyed based on the nature of site (i.e., commercial centers, road junctions/ major roads, passengers loading parks, high density residential areas and low density residential areas) 18 . The average daily noise descriptors L Aeq ranges from 51 to 77 dBA with the highest at road junctions/ busy roads; L 1 ranges from 68 to 82 dBA with the highest at the road junctions/busy roads and passengers loading parks; L 10 ranges from 52 to 77 dBA with the highest at the road junctions/ busy roads and passengers loading parks; L 50 ranges from 47 to 72 dBA with the highest at the road junctions/ busy roads; L 90 ranges from 42 to 66 dBA with the highest at road junctions/ busy roads and passengers loading parks; and L D ranges from 52 to 78 dBA with the highest at road junctions/busy roads.
Traffic Volume Measurement
One of the most important characteristics of a traffic stream is its volume which can be defined as the number of vehicles passing through a section of a road in a unit time, usually one hour 19 . Another parameter closely related to traffic volume is the rate of flow which is also used to describe the number of vehicles passing a point on a section of highway or a lane in a period of time less than one hour, usually fifteen minutes or five minutes. The peak hour factor, which is a measure of consistency of demand, can be defined as the ratio between the number of vehicles counted during the peak hour and four times the number of vehicles counted during the highest fifteen consecutive minutes or twelve times if counted during the highest five consecutive minutes. The peak hour factor is used to determine the critical volume used in the design of major urban streets. It is used to determine the geometry of such urban streets in terms of lanes, their width and at times to impose speed limits 20 . Table 3 and 4 show traffic volume count obtained in some selected heavy and lightly busy roads in Ilorin in the year 2005 21 . The morning and evening peak periods were determined and hence applied for computation of PHF as shown in Table 5 .
Volume of traffic for both heavy and lightly busy roads in Ilorin with peak volume occurs in the morning and evening for all the roads. Baboko Junction (1180), has the highest peak followed by Taiwo road (1079) and Challenge Junction (1033) and all occurring in the afternoon between 4:00 pm-5:00 pm and 5:00 pm-6:00 pm. However, Emir's road (882), Geri Alimi road (774) and Jebba road (898) are fairly busy roads with peak volumes occurring in the morning and evening from 9:00 am-10:00 am, 3:00 pm-4:00 pm and 4:00 pm-5:00 pm respectively. Traffic along these roads is fairly uniform. The peak hour volumes and peak hourly rates of flow of Emir's road, Geri-Alimi road, Taiwo road and Baboko Junction are much higher than the corresponding values for Asa Dam and Jebba roads. High PHF for Asa Dam and Jebba roads is as a result of large number of heavy trucks whose passenger car equivalent values are relatively higher (that is 3) than that of passengers cars (1) . Substantial portions of the two roads are suburban and hence mostly carry through traffic while the other arterials are completely urban. This implies that factors like directional distribution of vehicles, lane distribution of vehicles and traffic composition affect the traffic stream volume.
The PHF is normally distributed for major arterials in Ilorin and usually falls between 0.85 and 0.96 with mean and standard deviation in the range 0.854-0.931 and 0.03-0.07 respectively. The corresponding averages are close to the values reported for selected American urban intercessions 21 . The traffic mix of Ilorin, like other urban cities in Nigeria comprises of the following composition-cars (90-93%), Lorries (5-7%), buses (2-5%) and heavy trucks (1-2%). According to Dai et al. 22 , traffic noise heavily relies on traffic flow to which the noise levels are measured. In their work, a relationship for traffic noise and traffic flow was established. Establishment of such a relationship is significant for engineers and researchers to evaluate the traffic noise intensity of a specified road with a given traffic flow. On the other hand, if the traffic noise level of a road is specified, per the regulations set forth by the government or organi- zations, the maximum allowable traffic flow for this road can also be determined with the relationship.
Correlations between Noise Descriptors
In Fig. 4 22, 24 .
The correlation between L 90 and L Aeq is not as good as that found between L 10 and L Aeq as shown in Fig. 5 where the linear equation L 90 = 0.9996L Aeq + 9.2966 fits measured data with a correlation coefficient R 2 = 0.8749. It has been pointed out 25 that the increased data scattering observed at low percentile levels would reflect the high randomness of noise level fluctuations in the outdoor environment or the scattering of the noise climates. On the other hand, data at the lower noise levels are expected to inherently contain high degree of scatter as a result of the sensitivity of L Aeq levels to noise from other sources and from short duration noisy events.
From the linear correlation laws above, the best correlation coefficient r and the most accurate estimation correspond to the L 10 equation and the worst to the L 90 equation. This result can be expected since the background sound level ͑L 90 ͒ observed in absence of significant nearby noise sources are predominantly influenced by the general conditions of a given location, while L 10 and L Aeq values depend upon specific noise sources truly existing in its immediate surroundings.
Comparative Assessment
The environmental sound levels measured at a given location depend on a number of specific variables. In particular, many authors have found that the observed sound levels are mainly related to road traffic characteristics and especially traffic volume, vehicle horns, rolling stock and tires, unmuffled vehicle, etc., 12, 25, 26 . Several studies have demonstrated that the urban conditions of a given area are also a very important factor influencing the environmental noise levels 27 . 
Table 3-Traffic trend for Ilorin urban arterials (heavy busy roads and junctions).
Fig. 3-Noise descriptors comparison in the study locations.
There is variation in the noise descriptors with the period of the day and the nature of the location. Figure  3 shows the variations of noise descriptors (L Aeq , L 1 , L 10 , L 50 , L 90 , and L D ) with locations surveyed. In the locations surveyed, the average L Aeq ranges from 51 to 77 dBA with the highest at road junctions/ busy roads and lowest at low density residential areas; L 1 ranges from 68 to 82 dBA with the highest at road junctions/busy roads and passengers loading parks; L 10 ranges from 52 to 77 dBA with the highest at road junctions/busy roads and passengers loading parks; L 50 ranges from 47 to 72 dBA with the highest at road junctions/busy roads; L 90 ranges from 42 to 66 dBA with the highest at road junctions/busy roads and passengers loading parks; and L D ranges from 52 to 78 dBA with the highest at road junctions/busy roads. The high noise levels at road junctions confirm once more the previous findings of many authors pointing to the existence of a very close association between the sound levels measured at a given urban location and the road traffic volume flowing by that location 1121 12, 26 . The noise levels in the daytime at low density residential areas are generally low. This is because, majority of the residents are not always available at home in the afternoon during working days of the week. Some are in their offices, markets or shops, while children are in their schools by this time of the day. Moreover most of the low density residential areas are developing areas while some are Government reserved areas (GRA). The numbers of vehicles that ply the roads in these areas are very minima and of course there is a speed limit ͑40 km/ hr͒ for every vehicle that passes through these areas. Blaring of horns and movement of unmuffled vehicles are prohibited in some of these areas.
High noise levels exposure in the city occurs in the day time at road junctions/ major roads. This is followed by passengers loading parks and commercial centers. In these locations, apart from traffic noise, other intrusive noise sources include noise from record players, loud speakers, hawking and human conversation contribute majorly to environmental noise pollution.
In this study, some of the locations show a significant difference between L 90 average and L 90 maximum. Site 25 (a passenger loading park) illustrates the highest different with L 90 ͑74 dBA͒ compared to L 90 average ͑60 dBA͒. This means some of the stations around the location noted a much higher background noise level exposure. This indicates that people located around the location will experience much higher background noise level which could lead to human annoyance, reduce the life quality or might affect health and psychological well being. Site 20 (commercial center) and site 10 (road junction) also noted considerable difference in L 90 . They both have values of 73 dBA and 72 dBA respectively. The high background noise level at these locations may be a result of intrusive noise from unmuffled vehicles, blaring of horns, record players, hawking and human conversation. Sites 10 and 15 (road junctions) were found to be the noisiest sites with a peak noise level ͑L 1 ͒ of 88 dBA and 84 dBA respectively compared to the peak noise value of 91.5 dBA in Markurdi 6 , and between 86-106 dBA in Aba and Uyo 28 . The high noise level of these sites may be as a result of the noise produced by music players and the proximity of these sites to the high traffic density of roads and presence of nearby rails station.
The U.S. Department of Housing and Urban Development (HUD) 29 , recommends the following noise levels for residential areas, measured outdoors: A widely accepted scientific fact is that living in black acoustic zones, where the equivalent sound level is higher than 65 dBA put an urban population in a high risk status for numerous subjective effects of noise, including psychological, sleep and behavioral disorder.
Most of the countries, keeping in view the alarming increase in environmental noise pollution, have come up with permissible noise standards. The US Federal Highway Administration (FHWA) in April 1972 published interim noise standards for various land use as shown in Table 6 .
The result of this study shows that noise levels ͑L 10 ͒ in all the passenger loading parks surveyed (ranges from 72-86 dBA) are higher than the recommended values by FHWA (i.e., 60 dBA). In other locations, such as developed areas and residential areas the measured noise values ͑L 10 ͒ can be classified as normally acceptable. Out of 12 developed areas (commercial centers) surveyed only 5 locations having noise level higher than 75 dBA, out of 6 high density residential areas, only 2 locations recorded noise levels higher than 70 dBA and out of 6 low density residential areas, only 1 location had noise levels higher than 55 dBA.
Based on the National Guidelines for Environmental Noise Control by Federal-Provincial Advisory Committee on Environmental and Occupational Health, a generally acceptable road traffic noise level L D for residential areas should be less than 55 dBA and for night, L N should not be greater than 50 dBA. An area with environmental noise level less than 55 dBA is usually considered as a comfortable environment with little or no annoyance so that no negative physical and mental influence will be caused to essential activities such as working leisure and sleeping 22, 30 . Among all the 14 , at all locations chosen for this study in Ilorin metropolis. This is basically due to increase in population density, commercial activities and traffic volume in the city.
To ascertain the significant difference in the noise level exposure in the sites surveyed throughout the daytime period (from morning to evening time), analysis of variance for two-factor experiment, using F-distribution was carried out on the noise descriptors (L 10 and L 90 ). At 90% confidence level, the mean square ratio (MSR) calculated for L 10 is 38.23 while the tabulated value of mean square ratio is 2.36. Similarly, at the same confidence level, the MSR calculated for L 90 is 167 and the tabulated value remain the same at 2.36. Since in the two cases, the mean square calculated is greater than the mean square tabulated, the noise levels exposure differ significantly from one location to another.
CONCLUSION
Environmental noise analyses at selected locations were presented to represent typical equivalent noise level ͑L Aeq ͒, background noise level ͑L 90 ͒ and peak noise level ͑L 1 ͒ at 42-selected sites in Ilorin metropolis. It is interesting to see that where location of the monitoring stations are near the busy roads/ road junctions, commercial centers and passengers loading parks the equivalent noise level, background noise level and peak noise level are higher compared to monitoring station near residential areas.
Analysis of variance for two-factor experiment, using F-distribution was carried out on the noise descriptors (L 90 and L 10 ). At 90% confidence level, the analysis shows that noise exposure level differs significantly ͑p Ͻ 05͒ from location to another.
It was also observed that, the A-weighted sound levels ͑L Aeq ͒, background noise level ͑L 90 ͒ and peak noise level ͑L 10 ͒ measured vary with the location and period of the day. Due to traffic characteristics, especially traffic volume, vehicle horns, vehicle-mounted loudspeakers, unmuffled vehicle, record players and hawking, there is high L Aeq , L 90 , L 10 and L 1 at road junctions (77 dBA, 66 dBA, 77 dBA, 82 dBA), passengers loading parks (76 dBA, 66 dBA, 77 dBA, 82 dBA) and commercial centers (73 dBA, 64 dBA, 74 dBA, 80 dBA). Average daily noise exposure level ͑L Aeq ͒ in Ilorin metropolis varies from 46 dBA to 86 dBA. Based on the recommendations of CEOH, WHO and HUD, only 6 locations out of 42 are under normally acceptable situation while the noise levels of other areas are not acceptable.
RECOMMENDATIONS
Due to the possible adverse effects of high noise levels on the populace a number of action plans can be taken to abate the environmental noise pollution in Nigeria. These include: technical, planning, behavioral and educational solutions. Since transport infrastructures can be recognized as major sources of noise, technical actions on the transport systems can produce interesting results. Possible technical controls include changes in road profiles, low noise pavements (porous or porous elastic) type, effective repairs to the silencers and vehicle suspensions so as to reduce exhaust and rolling stock noise, reductions, limitations or restrictions on traffic (types of vehicles, speed, hours of access etc) and building of acoustic barriers along the sides of heavily traveled highways running through residential areas. Transportation and land planning (private versus public transportation, bus lanes, parking areas, shuttle buses, and pedestrian areas) are important components of the plan. Since noise also results from the citizen's behavior (driver, music player, hawker etc), information and education campaigns usually produce good results in the long term. Information on the different actions and on the results should be well disseminated and should correspond to general aims and action plans. There is a need to implement the established environmental noise impact criteria levels for various land use purposes. These criteria levels would enable impacts to be determined. The authorities should pass laws to check excesses of the sources of high noise levels, other professionals such as town planners, architects and environmental engineers as well, should have the problems of environmental noise pollution in mind when siting new roads, shopping centers, schools, hospitals and both commercial and residential houses in general. Most valuable step to decrease noise pollution in big city like Ilorin, is preparation of noise maps. Noise maps are very powerful tools for communicating results of assessment of environmental noise to the general public and also for the government (local and national) to devise noise correction measures. The noise map itself with the values of noise descriptors provide baseline data for town planners, engineers and other professionals and researchers for the planning and execution of their projects. Most of the cities in Nigeria have not presented noise map. It is suggested that noise map should be developed for every big city in Nigeria to serve as a noise control measure.
